The objective of this study was to investigate the effects of yeast (Saccharomyces cerevisiae type boulardii CNCM I-1079) supplementation on growth performance and blood metabolites in Black Bengal goat kids. The experiment was performed on eight growing Black Bengal goat kids divided into a control diet (CD) group without yeast and yeast supplement (YS) group with 1.5% of yeast supplement. The feeding experiment was conducted for 40 days with growth performance measured every ten days, and blood samples were collected on days 0 and 40 of the experiment. The data were analyzed using a mixed model. The results showed that YS had no effect on growth parameters. Moreover, addition of yeast to the diet did not affect the blood parameters (phosphorus (P), cholesterol, triacylglycerol, urea, total protein, glutamate pyruvate transaminase (GPT), and glutamate oxaloacetate transaminase (GOT)) except calcium (Ca) and magnesium (Mg). In the YS group animals, a slight increase in blood level concentration of Ca and Mg was observed compared to the CD group.
Introduction
Goat production in Bangladesh is an integral part of many farming systems. Of the 20.6 million goat population in Bangladesh, more than 90% are of the Black Bengal breed (SUlTAnA et al., 2012) . Black Bengal goats are popular for meat production as they are highly prolific (twins or triplets are common in kidding), gain body weight rapidly and reach slaughter size very quickly (AMIn et al., 2000) . Black Bengal goats are relatively low maintenance animals and suitable for rearing in a low input backyard production system. The demand for Black Bengal goat meat, milk and skin is very high. Thus, Black Bengal goat farming is becoming increasingly popular in Bangladesh. However, to meet the increased demand for Black Bengal goat products, large-scale semi-intensive and intensive farming is gradually replacing the small-scale backyard production system. In an intensive system, feed plays a significant role in attaining desirable and high production performance. Also, for the Black Bengal goat producers improving growth performance is an important production trait for the profitability of their farming. Dietary supplementation may improve growth performance of animals. The motivation for improving the growth performance of goats using natural dietary supplements comes from producer demand, as well as consumer demand for synthetic growth promoter free goat meat (TITI et al., 2008) . Thus, dietary yeast supplement may be an important candidate for improving the growth performance of animals (HIllAl et al., 2011) .
Saccharomyces cerevisiae is an important type of yeast used in ruminant nutrition. S. cerevisiae yeast enhances animal productivity and delivers health benefits, probably through the establishment of a healthy gastrointestinal tract (MIlEwSKI, 2009; DOBICKI et al., 2007) . Thus, several studies have been conducted to determine the efficiency of yeast supplementation (YS) in ruminant diets, but the results are variable. CABrErA et al. (2000) reported no effect of yeast culture on dry matter (DM) intake, live weight gain or feed conversion ratio in steers. wEHnEr et al. (1998) described that calves gained more weight with YS, but the differences were not significant. likewise, YS did not affect the daily weight gain of lambs (AHMED et al., 2015; KAwAS et al., 2007) . Previously, S. cerevisiae was used as a feed supplement in small ruminants, but knowledge about its effects is limited. Therefore, the objective of this study was to evaluate the effects of S. cerevisiae type boulardii supplement on the growth performance and blood metabolites of Black Bengal goat kids.
Materials and methods
Animals and diets. This study was conducted at the Goat Development Farm, Sylhet Agricultural University (Bangladesh), from the period from March to May 2016. The animals used in this experiment were cared for under the guidelines of the Faculty of Veterinary and Animal Science regulations for care and treatment of animals at the university. A total of eight female Black Bengal growing kids aged five months, with similar body weights (CD group: 9.40 ± 1.08 kg and YS group: 8.83 ± 0.96 kg) were randomly assigned into two groups (4 animals each) with two different dietary treatments, for CD (control diet) and YS (Yeast supplement -1.5% yeast supplemented). Yeast was mixed with concentrate feed supplied to the goats. levucell ® SB 20 (Saccharomyces cerevisiae type boulardii CnCM I-1079 2.0 × 1010 colony-forming units (cfu)/g, Square Pharmaceuticals, ltd. Bangladesh), was added as the yeast supplement in a concentrate at 1.5% of the total weight. Each animal was provided with 0.2 kg concentrate feed per day at the morning and afternoon feedings. In addition, each day 1 kg of German grass (Echinochloa polystachya) was supplied as fodder for each animal. The feeding schedule was established with concentrate and roughage twice daily (at 9.00 h and 16.00 h), and fresh water was given ad libitum. The ingredients and chemical composition of the experimental diet are reported in Table 1 . The diets were formulated to meet nrC recommendations (nrC, 1985) . The total experimental period was 50 days, with ten days' diet adaptation period. The selected animals were serially tagged in the neck region using a filament. All the animals were treated for internal and external parasites using Vermic (active ingredient: 10 mg/ml Ivermectin; dose 0.2 mg/kg body weight) 2 weeks before the experiment started. The animals were housed in individual cages (2 m × 1.5 m) under a shed with a wooden roof for the entire period of the experiment.
Sampling and analysis. Daily feed intake and refusals were recorded; growth parameters (body weight, body length, height at withers, and heart girth) were recorded for every 10 day interval. Feed samples (concentrate and grass) were analyzed for chemical composition. Dry matter (DM), Crude protein (CP), Ether extract (EE) and Ash content were determined according to the standard procedure of the AOAC (1990). neutral detergent fiber (nDF) and Acid detergent fiber (ADF) were analyzed according to the description of VAn SOEST et al. (1991) and VAn SOEST (1963) .
Blood samples were collected on days 0 (start day) and 40 (end date) from the jugular vein of each animal, with the addition of anticoagulant (heparin) before the morning feeding. The blood samples were centrifuged and remained stored at -20 °C until analysis. Contents of blood urea, total protein, creatinine, cholesterol, total glyceride, cholesterol, glucose, Calcium (Ca), Phosphorus (P) and Magnesium (Mg) in the serum were measured using an automated blood serum biochemical analyzer (Humalizer ® -3000). Glutamate oxaloacetate transaminase (GOT) and glutamate pyruvate transaminase (GPT) concentrations of blood samples were analyzed using a standard assay kit (Asan Pharma, Seoul, Korea).
Statistical analysis. The statistical analyses were performed in an r environment (r Core Team, 2016) . The data of growth parameters were analyzed using a mixed model with the formula:
where Y ijak are the different growth measures ((Body weight, body length, height at withers, and heart girth); μ is the general mean; T i is the diet treatment (i = Control or Yeast); D j is the day of the measure (j = 0, 10, 20, 30, 40) ; R α is the random effect of the animal a; e ijak is random experimental error (DnI∼(0,σ 2 e )).
The blood parameters were analyzed using the same mixed model where Y ijak are the different blood measures (Ca, Mg, P, glucose, creatinine, total protein, cholesterol, urea, GPT, GOT, total glyceride); μ is the general mean; T i is the treatment diet (i = Control or Yeast); D j is the day of the measurement (j = initial or final); R α is the random effect of the animal a; e ijak is the random experiment error (DnI∼(0,σ 2 e )). The mixed models were fitted with the package lme4 (BATES et al., 2015) and the least square means were estimated with the package lsmeans (lEnTH, 2016) in the r environment.
results and discussion
Growth performance. The effects of yeast supplementation compared to the control diet on the growth performance parameters of Black Bengal goat kids are presented in Table 2 and Fig. 1 . 1 GPT = Glutamate pyruvate transaminase; 2 GOT = Glutamate oxaloacetate transaminase; Asterisks regard the significance of the difference (** = significant difference at P<0.01; * = significant difference at P<0.05) There were no significant differences observed in body weight gain, heart girth, body length and height at withers between the CD and YS diet groups. The results agree with GOMES et al. (2014) who reported that body weights were not affected by dry yeast (S. cerevisiae) supplement in the diet. Also, live yeast (S. cerevisiae) supplementation has been described to have no influence on feed intake in terms of dry matter intake (DMI), daily live weight gain and final live weight gain in lambs (ISSAKOwICz et al., 2013; MIKUlEC et al., 2010; KAwAS et al., 2007) . In contrast, some authors have found a positive result in animal growth performance parameters. KAMAl et al. (2013) found an improvement in DMI, body weight gain, height at withers and heart girth when live S. cerevisiae (nCDC-49) was supplemented in goat kids. Besides, HADADD and GOUSSOUS (2005) reported that body weight gain was higher with a yeast supplement diet compared with the control diet in finishing sheep. The differences between the present study and others could be explained by the size of the sample, the amount of yeast supplied and the study duration. Although beneficial effects of yeast on growth performance have been reported, there is considerable variability (TITI et al., 2008) in yeast supplement response related to the type of yeast, the amount of yeast supplemented, the type of forage fed and feeding strategy (MIKUlEC et al., 2010) . Blood metabolites. results from AnOVA (T-Value and significance), and variances for random effects for blood parameters (calcium (Ca), creatinine, total glyceride, magnesium (Mg), phosphorus (P), cholesterol, glucose, urea, total proteins, GPT, GOT) of the YS group compared with the CD group are presented in Table 2 and Fig. 2 . The major part of the variability was explained by residual variance, by the environment and effects not accounted for in the model. The effect of the animal for blood metabolites ranged from 0 to 47%, average 12%, indicating a minor effect of the animal compared to growth parameters. There was no significant difference in the concentration of any measured blood parameters between the YS and CD groups, except that the blood level concentrations of Ca and Mg for the YS group were higher (P<0.05) than those for the CD group. (Table 2 ; Fig. 2 ). Fig. 2 . least square means ± standard error for blood parameters of Black Bengal goat kids fed control and yeast supplement diets. GPT = Glutamate pyruvate transaminase; GOT = Glutamate oxaloacetate transaminase;Asterisks regard the significance of the difference (** = significant difference at P<0.01; * = significant difference at P<0.05) However, the difference was observed at the beginning and at the end of the experiment, therefore, it is not possible to independently confirm that the yeast supplement affected the Ca and Mg absorption. BAGnICKA et al. (2014) found that YS improved the intestinal absorption of calcium in goats, similar to our study. Nevertheless, the mechanisms underlying the increased absorption of Ca are not fully elucidated (GIlMAn and CASHMAn, 2006) . YS in diet might help to colonize the healthy bacteria that produce short-chain fatty acids in the intestine, and consequently decrease the pH of the intestinal microenvironment (MATUr and ErASlAn, 2012) . Therefore, calcium solubility increases which may be related to increased calcium absorption (GIlMAn and CASHMAn, 2006; SCHOlz-AHrEnS et al., 2007) . It could be the reason for findings of higher Ca level in the blood of the YS group compared to the CD group.
we found a significant (P<0.05) difference in blood level Mg concentrations in the YS group compared to the CD group at the end of the experiment. KOwAlIK et al. (2016) found a similar tendency towards higher Mg concentrations in the YS group compared to the control group and also described that the composition of the diet might influence mg absorption. Usually, higher Mg absorption occurs during acidic fermentation in the intestine (YOUnES et al., 1996) . The YS diet helps to increase the number of beneficial bacteria in the intestine and maintain the slightly acidic environment by increasing acidic fermentation activities in the intestine (MATUr and ErASlAn, 2012). The acidic environment facilitates higher intestinal absorption of Mg that leads to higher Mg levels in the blood. This might explain the reason for the higher Mg content in the blood. Urea and total protein concentrations in the blood were not affected by adding YS to the diet. These results are supported by the findings of TrIPATHI et al. (2008) , where yeast supplementation did not affect urea concentration in the blood. Moreover, KOwAlIK et al. (2016) found no effect of yeast supplementation on total protein concentration in the blood of lambs. Also, no effect was found from yeast supplementation on cholesterol and total glycerides in blood serum. Contrary to the results of the present study, KOwAlIK et al. (2016) found a higher concentration of total cholesterol and triacylglycerols from a live yeast supplement diet in lambs. According to BAUCHArT (1993) cholesterol concentration in the blood depends on age, physiological state and diet, particularly the total lipid content in the diet. The findings of this study for GOT and GPT agree with the findings of PIVA et al. (1993) who demonstrated that yeast did not affect hepatic function or enzyme activities. The activities of some liver enzymes GPT and GOT in the serum are generally considered as indicators of some pathological changes to tissues and organs.
Conclusions
It may be concluded that yeast (Saccharomyces cerevisiae type boulardii CNCM I-1079) added to the diet of growing Black Bengal goat kids slightly increased Ca and Mg concentration levels in their blood. However, yeast supplement did not influence growth performance and other blood parameters over the short time period of 40 days. Further studies under different feeding conditions, with larger sample size and different age groups of animals will help to clarify the influence of yeast supplementation in the diets of Black Bengal goat kids.
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